ity of surgical care in the United States have led many organizations to advocate the use of high-volume hospitals for certain procedures. For example, the Leapfrog Group, 1 a consortium of more than 170 private and public organizations that insure nearly 35 million individuals, incorporated volume standards for 5 operations (abdominal aortic aneurysm [AAA] repair, coronary artery bypass grafting [CABG] , esophagectomy, coronary angioplasty, and pancreatic resection) into their hospital referral criteria. These recommendations rely on the use of the number of procedures performed at a hospital, a structural characteristic, as a marker of quality.
This shift toward the use of hospital procedure volume as a surrogate metric of quality is fostered by numerous reports of a direct volume-outcome relationship for certain procedures, with patients at high-volume hospitals consistently having better outcomes. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Projections based on such studies predict substantial numbers of lives saved as a result of regionalization to highvolume hospitals for certain highprofile operations. 14, 15 While referral to high-volume hospitals is generally believed to be a positive step toward improving the quality of care, there may be problems in its implementation. Studies have shown a paucity of such hospitals. 16 In California, less than 15% of hospitals are high volume (by Leapfrog criteria) for AAA repair, CABG, and esophagectomy. It also appears that there are important differences in the racial 3, 17 and socioeconomic status of patients who receive care at high-and low-volume hospitals. It is unclear if selective referral to high-volume hospitals will account for such differences and whether its implementation will exacerbateorimprovethesedisparities.While prior studies have limited their analysis to specific procedures, the purpose of this study was to determine whether the use of high-volume hospitals varies by race/ethnicity or insurance status in a broad segment of patients undergoing surgical care.
We examined patient characteristics and use of high-volume hospitals across 10 hospital-based procedures with known volume-outcome relationships among Californians during a 5-year period (2000) (2001) (2002) (2003) (2004) . Using patient-level data, we investigated whether certain patient characteristics-race/ethnicity and insurance status-were more or less likely to be associated with the receipt of surgical care at high-vs low-volume hospitals. We hypothesized that nonwhite minorities and uninsured individuals or those with safety-net insurance such as Medicaid would be less likely to receive care at high-volume hospitals and concomitantly more likely to receive care at low-volume hospitals.
METHODS

Data Source
Data for all hospital discharges in California between January 1, 2000, and December 31, 2004, were obtained from California's Office of Statewide Health Planning and Development patient discharge database. 18 The database includes discharge abstracts from all nonfederal hospitals in California and is compiled annually. Each discharge abstract includes codes for up to 20 inpatient procedures and 24 diagnoses per hospitalization. All procedures and diagnoses are coded using the International Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM). Also included are patient demographic information (race, Hispanic ethnicity, sex, expected source of payment, source of admission, age, and ZIP code of residence), outcomes (inhospital mortality), and site of hospitalization (unique hospital identifier and ZIP code). Proxy income and urban vs rural residence location were assigned by patient ZIP code using data from the 2000 US Census.
Inclusion and Exclusion Criteria
Operations were selected based on established evidence from the literature for a volume-outcome relationship. In total, we selected 10 operations and procedures for evaluation: elective AAA repair, CABG, carotid endarterectomy, esophageal cancer resection, hip fracture repair, lung cancer resection, cardiac valve replacement, coronary angioplasty, pancreatic cancer resection, and total knee replacement. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Each operation or procedure was studied independently. The specific ICD-9-CM codes used to identify the cohort sample are available from the authors on request. Patients with a non-California ZIP code were excluded, which ranged from 1.3% to 5.0% of the original sample size for each of the 10 operations. The unit of analysis was hospital discharge for each individual patient.
Dependent Variable
The dependent variable for our analyses was hospital volume category, divided among high-, medium-, and lowvolume hospitals. Hospital volume for a given surgical procedure was defined as the mean annual procedural volume (ie, number of procedures performed divided by the number of years the hospital performed the operation) during the 5-year period ( January 1, 2000-December 31, 2004). Mean volume was used because it represents an aggregate assessment of overall procedural experience during the period of analysis. The dependent variable was created by stratifying hospital volume into patient quintiles, with the highest 20% of patients by mean annual volume considered high volume, the middle 60% considered medium volume, and the lowest 20% considered low volume.
Explanatory Variables
The independent variables included patient-level characteristics: race/ ethnicity, sex, location (urban vs rural), insurance status, source of admission, age, comorbid conditions, income, and median distance to travel to the nearest high-, medium-, and low-volume hospital. Both race and ethnicity are reported by the hospital based on patient self-report. Each patient's index was calculated from the primary and 24 secondary diagnosis codes and was divided into 4 strata by score (0, 1, 2, and Ն3).
Patients were identified as living in a rural area based on their ZIP code and existing metropolitan statistical area definitions. Income was assigned based on the median income of the patient ZIP code reported in the 2000 US Census and then grouped by quintiles. Distance traveled was calculated by measuring the straight-line distance between the patient's residence and the hospital. The calculated distances were based on the longitude and latitude of each ZIP code's center point. Where a patient's ZIP code was missing or where values for income, urban vs rural residence, and distance were unknown or could not be calculated, values were assigned using hotdeck imputation 21 with sampling DISPARITIES IN UTILIZATION OF HIGH-VOLUME HOSPITALS FOR COMPLEX SURGERY observations restricted to patients treated at the same hospital. The study protocol was reviewed and approved by the institutional review board at the University of California, Los Angeles. Due to the nature of these secondary data analyses, waiver of patient consent was granted.
Statistical Analysis
Univariate analysis was performed using 2 and t tests where appropriate. Graphs and tables were used as needed to examine the distribution of each variable. The crude distribution of race/ ethnicity, type of insurance, and inhospital mortality within each volume category was calculated for each operation. The neighborhoods of highand low-volume hospitals were compared using the 2000 US Census linked to the hospital ZIP code; the variables of percentage of non-Hispanic whites older than 50 years and percentage of persons living below 200% of the poverty threshold were examined.
Generalized ordered logistic regression 22 was used to estimate the impact of the primary predictors (race/ ethnicity and insurance status) on the use of high-or low-volume hospitals, accounting for other patient characteristics (sex, rural/urban residence, source of admission, age, Charlson Comorbidity Index, income, and distances to closest high-, medium-, and lowvolume hospitals). This model was selected instead of dichotomous logistic regression or standard ordered logistic regression because the outcome (hospital volume category) had 3 ordered categories and the model failed the proportional odds assumption of standard ordered logistic regression. The model predicted a patient's chance of receiving care in a particular hospital volume category (high, middle, or low) based on the patient's characteristics. Regression analysis did not take into account clustering of patients within hospitals, because choice of hospital was the outcome being modeled.
Relative risks (RRs) for receiving care at either high-or low-volume hospitals based on race/ethnicity and insurance status were calculated from the regression results. The results are expressed as RRs with respect to the reference groups white and Medicare. Ninety-five percent confidence intervals for the RRs were calculated using bootstrapping with 1000 repetitions and the bias-corrected technique. 23 All other patient-level characteristics were included in the analysis to account for differences among patients. These results are available from the authors on request. All statistical analyses were performed using Intercooled Stata version 7 (StataCorp, College Station, Tex). PϽ.05 was used to establish statistical significance.
RESULTS
A total of 719 608 patients received 1 of the 10 operations. TABLE 1 lists demographic information for the patients receiving each operation or procedure. Seventy-five percent were white, 4% were black, 5% were Asian, 12% were Hispanic, and 4% were other race/ethnicity; 45% were women. Sixty percent had Medicare, 29% had private insurance, 5% had Medicaid, and 3% were uninsured. Sixty-seven percent of the patients were older than 65 years. Thirty-two percent had a Charlson Comorbidity Index of 0, while 35%, 19%, and 14% had an index of 1, 2, or 3 or greater, respectively. Fifty-three 83  70  83  80  81  80  74  72  66  76  75  Black  3  3  2  4  3  5  4  4  6  5  4  Asian  5  8  4  5  5  7  5  7  9  3  5  Hispanic  7  13  9  9  9  6  13  12  16  14  12  Other  2  6  2  2  2  2  4  5  3  2  4  Women  22  28  42  20  70  52  42  33  50  63  45   Insurance status  Medicare  75  54  75  50  81  62  59  48  51  62  60  Medicaid  2  7  3  6  5  5  7  7  9  4  5  Private  22  35  19  41  11  31  30  39  36  28  29  Uninsured  1  4  2  3  2  2  3  4  4  1  3  Median distance traveled  to hospital, km  High-volume  26  32  11  50  8  14  40  22  35  11  18  Medium-volume  11  13  10  16  6  10  14  10  13  10  10  Low-volume  8  8  8  8  5  8  8  8  8  8  8 percent of patients were admitted from home, 31% were admitted through the emergency department, and 11% were transferred from another hospital. Six percent of patients lived in a rural area. The median distance traveled to a hospital was always greater to a highvolume hospital in comparison with medium-or low-volume hospitals. In general, the number of California hospitals meeting the Leapfrog Group criteria was low, ranging from 1% for AAA repair to 20% for coronary angioplasty. For all 10 operations, in-hospital crude mortality rates decreased as hospital volume increased. For example, the inhospital mortality for cardiac valve surgery was 5.4% at high-, 6.3% at medium-, and 7.4% at low-volume hospitals, while the in-hospital mortality for coronary angioplasty was 1.2% at high-, 1.8% at medium-, and 2.1% at low-volume hospitals. The largest differences between in-hospital mortality at high-vs lowvolume hospitals were seen for pancreatic cancer resection (3% vs 13%) and esophagealcancerresection(7%vs11%). Thenumberofhospitalsperformingeach operation ranged from 131 for CABG to 359 for hip fracture repair. Compared with low-volume hospitals, the highvolumehospitalsweremoreoftenlocated in neighborhoods with higher percentages of non-Hispanic whites older than 50 years and lower percentages of persons living below 200% of the poverty threshold.
TABLE 2 describes patient characteristics in high-and low-volume hospitals for each of the 10 procedures, stratified by both race/ethnicity and insurance status. For example, across the 4 race/ethnicity categories for total knee replacement, the percentage of patients with private insurance was higher for patients going to a high-volume(28%-34%)vsalow-volume (14%-29%) hospital, while the percentage of patients without insurance was lower for patients going to a high-volume (1%-3%) vs a low-volume (2%-6%) hospital. In general, these unadjusted analyses demonstrate disparities for both race/ ethnicity and insurance status.
In multivariate analysis, race and ethnicity were strongly associated with the use of high-and low-volume hospitals, even after accounting for sex, rural location, insurance status, source of admission, age, Charlson Comorbidity Index, income, and the patients' proximity to high-, medium-, and lowvolume hospitals (TABLE 3) . Black, Asian, and Hispanic patients were less likely, compared with white patients, to receive care at high-volume hospitals and more likely to receive care at low-volume hospitals. For example, among patients undergoing elective AAA repair, blacks were only 71% (95% confidence interval, 53%-93%) as likely as whites to be treated at high-volume hospitals after adjusting for the other patient-level characteristics in the model. For all 10 operations, black patients were significantly (PϽ.05) less likely to receive care at high-volume hospitals in 6 of the operations (RR range, 0.40-0.72), Asians less likely in 5 (RR range, 0.60-0.91), and Hispanics less likely in 9 (RR range, 0.46-0.88). Moreover, blacks, Asians, and Hispanics were more likely to receive care at low-volume hospitals. Utilizing a low-volume hospital was significantly associated with being black for 7 of the operations (RR range, 1.19-1.88), Asian for 7 (RR range, 1.23-1.77), and Hispanic for 9 (RR range, 1.11-1.64).
Insurance type or status also had a significant impact on the utilization of high-and low-volume hospitals, even after accounting for other patient characteristics (TABLE 4) . Compared with Medicare patients, those receiving Medicaid or those with no insurance (uninsured) were almost uniformly less likely to be treated at high-volume hospitals and more likely to be treated at low-volume hospitals. Medicaid insurance was a negative predictor of utilization of high-volume hospitals in 7 of the operations (RR range, 0.22-0.66) and a positive predictor of utilization of low-volume hospitals in 8 (RR range, 1.09-2.55) when compared with Medicare. Similarly, uninsured patients, relative to patients with Medicare, were less likely to be treated at high-volume hospitals in 9 of the operations (RR range, 0.20-0.81) and more likely to be treated at low-volume hospitals in 7 (RR range, 1.09-3.31). Conversely, private insurance was a positive predictor of utilization of high-volume hospitals and a negative predictor of utilization of lowvolume hospitals. Patients with private insurance were significantly more likely to receive care at high-volume hospitals for 3 of the operations (RR range, 1.14-1.46). For 4 of the operations, patients with private insurance were less likely to receive care at low-volume hospitals (RR range, 0.75-0.91) compared with Medicare patients.
COMMENT
Although debate remains regarding the importance of the volume-outcome relationship, evidence of this relationship has led many organizations to accept procedural volume as a structural proxy for quality. In validating these relationships, prior volume-outcomes studies have alluded to the potential for racial/ ethnic disparities in the utilization of high-volume hospitals but have not rigorously tested this hypothesis accounting for disease severity and case mix.
As such, the aim of the current study was to examine the effect of race/ ethnicity and insurance status on receipt of complex surgical care at high-or low-volume hospitals. We demonstrate consistent and robust disparities in the use of high-and lowvolume hospitals across 10 complex inpatient procedures with respect to race/ ethnicity and insurance status, while controlling for clinical and demographic covariates. In general, blacks, Asians, Hispanics, patients with Medicaid, and uninsured patients were less likely to go to high-volume hospitals for complex surgical procedures but more likely to go to low-volume hospitals, when compared with whites and patients with Medicare. Furthermore, patients with private insurance were significantly more likely to go to high-volume hospitals for 3 of the surgical procedures.
The current study demonstrates a significant disparity in the distribution of patients at high-and low-volume Abbreviations: AAA, abdominal aortic aneurysm; CABG, coronary artery bypass grafting. *Percentages may not sum to 100 because "other insurance" not listed.
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©2006 American Medical Association. All rights reserved. hospitals with respect to race/ ethnicity and insurance status. Without explicitly addressing this disparity, selective referral has the potential to sustain or even exacerbate this current level of disparities. Furthermore, while the Leapfrog Group 1 aims to improve the care for insured individuals, selective referral for those privately insured may not address the problem of caring for those who are uninsured (now estimated at 46 million 24 ). It is not surprising that although we studied disparity of race/ethnicity and insurance status separately, there was substantial overlap in these effects. For example, the crude rates of high-or low-volume hospital use stratified by race/ethnicity demonstrate that minorities receiving complex surgical care at low-volume hospitals generally had lower rates of private insurance coverage and higher rates of being uninsured compared with non-Hispanic whites. These results are consistent with data for health insurance status in the low-income, nonelderly population. The major source of coverage for nonwhites was Medicaid, while the largest source of coverage for non- Hispanic whites was employer based. In addition, non-Hispanic whites had lower rates of being uninsured, regardless of whether income was above or below 200% of the federal poverty threshold. 25 These findings suggest that there is some important degree of collinearity that must be recognized between the variables of patient income, race/ ethnicity, and insurance status. While collinearity is likely to understate the statistical significance of each variable because the effect is consistently in the same direction for each measure (ie, lower use for more vulnerable populations), it may be advantageous from the policy perspective because the solution for any single group will likely provide overlapping benefit to many.
In addition to the access issues related to payer status, there are other important patient-and physician-related factors that likely need to be addressed to lessen observed disparities. Patient-related factors, for example, range from a lack of knowledge about the volume-outcome association to inadequate basic transportation. Personal preference and individual cultural health behaviors are likewise important reasons why certain patients may choose not to go to a higherquality health care facility even if they have access to complex surgical care at a high-volume hospital.
26
Physician-related factors are also important. Bach et al 27 showed that primary care physicians faced greater difficulties in obtaining access for black patients to high-quality physicians and hospitals. In addition, physicians caring for black patients were less likely to be board certified. Also implicit in the discussion of patient race/ ethnicity is the issue of the physician's cultural competence. It has been repeatedly shown that culturally "competent" physicians improve the quality and effectiveness of care when the patient and physician are of concordant race/ethnicity. 28 While there has been a push toward increasing the numbers of minorities in surgical training (and therefore the future surgical workforce), there remains an identified shortage at present. Although we were unable to distinguish between these patient-and physician-related factors in the current study, together they represent important areas that warrant further investigation.
Despite the presence of these patient-and physician-related factors, it is important to highlight the main finding of the current study: that the patient populations at high-and lowvolume hospitals are different. This finding raises a question of whether the patient mix at high-volume centers is what influences the outcomes. On the surface, it may appear that the outcomes at high-volume hospitals should be similar for patients who usually seek care at low-volume hospitals; however, it remains unclear if highvolume hospitals would still have better outcomes if patients at lowvolume hospitals were redirected there. Patients who usually seek care at lowvolume hospitals may have a higher level of disease severity and burden of comorbid conditions. 29 For example, uninsured patients have less physician or hospital continuity in the delivery of care, less utilization of preventive services, and an overall lower level of health compared with insured patients. [30] [31] [32] It may be that by the time these patients present for surgical therapy their disease and comorbid conditions are more advanced than in patients with better preventive and primary care services.
This notion has been challenged by a recent study demonstrating that all races, not just minority patients, have higher mortality rates at low-volume hospitals and that differences in the use of such hospitals largely explained the higher mortality rates among blacks undergoing complex operations. 33 That study suggested that the presumption of "worsened" case mix at lowvolume hospitals may not be the dominant factor underlying differences in outcome at such hospitals. Another consideration is that the increased racial/ethnic minority population currently seen at low-volume hospitals may not be an ideal match with the highvolume hospitals based on patientphysician concordance. 34, 35 Addressing this issue may be an important factor when considering redirection of patients to high-volume hospitals.
This study has a number of limitations. Administrative data may lack important clinical information. The study may not be generalizable to other geographic regions. Disparities demonstrated in the 10 complex inpatient surgical operations may not be applicable to other procedures. Observational data cannot capture potential sources of bias arising from patient selection factors. The race/ethnicity variable may be subject to some inaccuracy due to incorrect self-reporting or the problems associated with coding mixed race.
Despite these limitations, our study makes several unique contributions to the literature, including consistent findings across 10 complex procedures and the ability to look at multiple ethnic and racial groups. Furthermore, we identified significant disparities secondary to race/ethnicity and insurance status, using multivariate analysis to adjust for multiple patient-level covariates. Finally, our study demonstrates robust findings in a large (12% of the US population), ethnically diverse population that includes all patients undergoing the selected procedures without restrictions based on demographics, insurance, or sampling. While there is significant interest among health care policy experts in improving quality by directing patients to high-volume hospitals, policy development should include explicit efforts to identify the patient and system factors required to reduce current inequities in the receipt of care at such hospitals.
